assumes that the dimensions are perceived independently by each person and weighted equally across people. The Weighted Euclidean scaling model (or the INDSCAL model; Carroll & Chang, 1970; Horan, 1969 ) also assumes that the dimensions are perceived independently by each person; however, differential weighting of the dimensions is allowed by each person, and these weights can vary across people. Finally, the General Euclidean scaling model (or the three-mode model; Carroll & Wish, 1974; Tucker, 1972) There are several three-mode models, and each has unique properties and interpretations (Bloxom, 1978; Carroll & Chang, 1972; Young & Lewyckyj, 1979 (Ashby, 1988;  Ashby & Perrin, 1988; Ashby & Townsend, 1986) (Ashby & Gott, 1988; Ashby & Maddox, 1990) , perceived similarity (Ashby & Perrin, 1988) , and preference judgments (Perrin, 1986) . This theory assumes that presentation of the same stimulus does not always produce the same perceptual effect; thus, perceptual effects x and y are random with probability density function f(x, y). In an identification experiment with the two stimuli, SA and S,,, the Ennis, 1988; Ennis & Mullen, 1986; Ennis, Palen, & Mullen, 1988; Hefner, 1958; MacKay, 1989; Torgerson, 1958; Zinnes & MacKay, 1983) . Alternatively, it can be viewed as a multidimensional generalization of signal detection theory (e.g., Graham, Kramer, & Yager, 1987; Green & Swets, 1966; Nakatani, 1972; Tanner, 1956; Wandell, 1982) .
The parameters of the general Gaussian recognition model include a mean vector and covariance matrix for each stimulus. The diagonal of the covariance matrix contains the variances on each perceptual dimension, and the off-diagonal elements represent the covariances between pairs of dimensions. In this respect, the model is similar to the probabilistic MDS models recently proposed by Ennis et al. (1988) and MacKay (1989) .
General recognition theory of similarity can be formulated in two ways, depending on whether the stimulus context is considered (Ashby & Perrin, 1988 In general recognition theory, perceptual independence occurs if the perceptual effects of the dimensions are statistically independent-that is, if the joint probability distribution of the perceptual effects associated with a stimulus is equal to the product of the marginal probability distributions for each dimension (Ashby, 1988; Ashby & Townsend, 1986) . In this case, the effects of the perceptual effects (x, y) of a particular stimulus are statistically independent.
In the special case in which the perceptual distributions are multivariate normal, perceptual independence is equivalent to a zero correlation between the effects of the dimensions. Therefore, when the covariance term of the general Gaussian recognition model is equal to 0 the dimensions are perceived independently, and 0-the angle between dimensions u and v in the corresponding three-mode model-is equal to 90°. Ashby and Townsend (1986) Tversky's (1977) feature-contrast model, or Ashby and Perrin's (1988) general recognition theory.
Simulation Study
The case was considered in which violations of the equal covariance matrices assumption were not severe; thus some version of MDS was likely to provide an adequate account of the data. The problem of determining the number and type of violations of dominance to be expected from data in which the dimensions are truly independent is discussed and contrasted with results from data collected when the dimensions were dependent.
Generation of Simulated Data
Three conditions were investigated, each of which began with the same initial configuration of nine stimuli in two dimensions (Figure 2a) . The angle between the dimensions u and v varied across the three conditions. For all hypothetical people (simulees) in the first condition, 0 was set at 90°w hich corresponded to a correlation of 0 and a perceptual independence in general recognition theory. 0 was set at 75° in the second condition, which represented a perceptual correlation of .26 in general recognition theory (Figure 2b ). 0 was set at 60° in the third condition, which corresponded to a perceptual correlation of .5 (Figure 2c) .
One hundred dissimilarity matrices were generated for each condition. Simulation of each matrix began with the initial configuration and included differential weighting of dimensions, systematic error, and random error. Person weights were generated for each dimension for each of the simulees, and were set at a level that represented moderate individual differences. Weights on dimension u were generated to be uniformly distributed on a 0-1 interval. Weights on dimension v were then generated over the same interval. To ensure moderate individual differences, each simulee's weight vectorformed by plotting the two weights-was scaled by a constant so that the new length was between .7 and .9. This procedure was followed for each of the three conditions. Dissimilarities between the nine stimuli were computed for each simulee using the three-mode model (i.e., Equation 1). Note that the three-mode model reduces to the INDSCAL model in the first condition (with an angle of 90°). The resulting dissimilarities were then scaled to the 1-to-9 scale typically used in dissimilarity studies. After the scaling, a modification of Girard and Cliff's (1976) (Marascuilo & McSweeney, 1977) . The X} for this test was not The pattern of violations in the other two conditions clearly were not uniform. The xZs for the 75° and 60° conditions were 341.64 and 780.35, respectively (df = 17, p < .001 for both tests). Because the null hypothesis was rejected using all 18 quadruples, the two-step and three-step quadruples were tested separately for each condition in order to test whether the violations were uniform within the two-step and three-step quadruples. The x2s were significant (df = 7, p < .001) in all cases (~Z = 111.76 and ~2 = 176.95 for the two-step and three-step quadruples, respectively, in the 75° condition; X2 = 291.56 and x2 = 351.27 for the two-and three-step quadruples, respectively, in the 60° condition). Therefore, the hypothesis of a uniform distribution of violations of the dominance axiom in the 75° and 60° conditions was not supported.
The perceptual dependencies actually have the effect of making violations of dominance more likely for some quadruples and less likely for others. Figure 2c shows that the observed pattern is predicted by general recognition theory and by the three-mode model. For example, frequent violations of dominance were correctly predicted for the quadruple DHGE, because D and H (which differ on two dimensions) are closer in the space than DG, HG, DE, and HE (which differ on only one dimension). Conversely, the quadruple GEDH was correctly predicted almost never to violate dominance. (Both these quadruples are two-step quadruples.) Therefore, both the number and the pattern of violations are important in determining whether the dimensions are perceived independently.
The pattern of violations can be examined further to see if it is consistent with a positive or negative dependency. A positive dependency represents the case in which the perceived position on one dimension increases as the position on the other dimension increases. A negative dependency represents the case in which the perceived position on one dimension decreases as the position on the other dimension increases. For example, violations would be expected in DHGE but not GEDH under positive dependency.
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This is exactly the pattern found in the 75° and 60° conditions in which positive dependencies exist. Quadruples 5, 7, 9, 10, 11, 12, 15, 17, and 18 would be expected to contain violations of dominance, whereas the other quadruples would not.
The dominance axiom should be able to detect any departure from 90°. However, the smaller the departure is, the harder it is to detect. As with any test, this is a function of power; more people are needed to detect smaller departures.
Empirical Application
To examine the generality of the simulation results, data on the size-weight illusion collected by Dunn (1976) Dunn's (1976) experiment, 18 tests of dominance were possible. Table  2 shows the number of violations for each quadruple when dominance was tested on the mean dissimilarity data for each person. A weaker test of dominance is also presented in Table 2 . In this case, the strict inequality in Equation 8 was changed to < . Because the data were collected using a 0-to-9 scale, it can be argued that some of the ties in the judgments do not represent strict equality in perceived dissimilarity, but rather are the result of the restrictive nature of the rating scale. These ties can represent perceived dissimilarities that are less than, greater than, or equal to other judgments of the same value. Thus, the weaker test of dominance can be considered an upper bound on the number of violations that might occur with a larger rating scale.
Some quadruples in Table 2 were more frequently associated with violations of dominance than others. These quadruples also showed the greatest increase in the number of violations for the weaker test. Specifically, it appears that dominance was not violated in all quadruples, but was frequently violated in quadruples 5, 9, 10, 15, 17, and 18 . There were at least nine violations out of the possible 19 upper-bound tests in these quadruples, whereas there were seven or fewer violations in the other quadruples. Violations in these quadruples would be expected when the dependency is positive, as in the case of the size-weight illusion.
The pattern of violations also closely resembles the pattern found in the simulation study, with a few exceptions discussed below. The Pearson goodness-of-fit test performed on the strict dom- 
